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Adhesive system for forming reversible adhesive bonds 

15 

The present invention relates to an adhesive system for 
forming reversible adhesive bonds, comprising at least 
one polymeric adhesive component based on polyurethanes 
and/or polyureas and/or epoxy resins and at least one 
20 additional component. The present invention further 
relates to a process for the reversible bonding of 
articles and controlled parting of the adhesive bond 
obtained. 

25 In a very wide variety of technical fields, articles are 
nowadays bonded to one another. In particular welded 
connections which have been customary to date are being 
replaced by adhesive bonds. High-strength adhesive bonds 
with resistance properties are required for this purpose. 

30 This is especially the case in connection with the 
production of motor vehicles. A disadvantage with this 
method of construction is that, for a refinish or for 
recycling, the individual bonded components of the motor 
vehicles are difficult to separate, their separation 

35 being time-consuming and requiring force: for example, by 
means of a hammer and chisel, or by sawing or flame 
cutting . 

Adhesive systems of this generic type are known, for 
40 example, from US 45 99 273. This document relates to 
surface-active substances whose surface-active effect is 
blocked by additional components in the , form of 
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photolabile protective groups. By exposure to radiation, 
the protective groups are removed and the surface-active 
effect is re-established. .Surface-active substances of 
this kind may also comprise coatings which may be applied 
5 reversibly. However, they cannot be used to realize high- 
strength adhesive bonds. 

DE 92 16 278 Ul discloses pressure-sensitive adhesives 
with which components of motor vehicles can be reversibly 
10 bonded to one another. These adhesives too cannot be used 
to realize high-strength adhesive bonds. 

It is therefore the object of the present invention to 
provide adhesive systems of the type specified above with 
15 which high-strength adhesive bonds can be produced and 
which in a simple manner permit controlled mechanical 
separation of the articles bonded to one another. 

This object is achieved by the at least one additional 
20 component comprising at least one functional group which 
can be activated by introduction of energy, in such a way 
that a chemical reaction with the adhesive component 
takes place, involving at least partial breakdown of the 
adhesive component . 

25 

The process of the invention is distinguished by the 
following steps: 

- preparation of an adhesive bond using an adhesive 
system of the invention, 

30 - deactivation of the adhesive bond by introduction of 
energy, 

- separation of the articles from one another. 




The adhesive system of the invention and, respectively, 
35 the process of the invention therefore make it possible 
to produce high-strength adhesive bonds by means of high- 
performance adhesives which are known in principle and 
are based on polyurethanes , polyureas and/or epoxy 
resins, which can be weakened in a controlled manner by 
40 supplying energy and so can be parted again. This is 
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accompanied by a severe alteration in the molecular mass 
and/or the crosslinking density of the adhesive base 
polymer, i.e. the adhesive component. This leads to a 
loss of the mechanical strength of the adhesive. 
5 Accordingly, the articles bonded to one another can 
easily and simply be separated mechanically from one 
another at any time. This signifies a considerable saving 
in terms of time and cost. 

10 Advantageous developments are evident from the subclaims. 
The additional component may simply be admixed to the 
adhesive system of the invention in the manner of an 
additive . 

15 The additional component may be activatable by 
introduction of thermal energy, e.g. thermal conduction, 
convection or IR radiation, or by introduction of 
radiative energy of appropriate wavelength, especially 
microwaves . 

20 

It is also possible to use additional components which 
react spontaneously with the adhesive component without 
further activation. In this case, the additional 
components should be blocked, i.e. reduced in their 

25 reactivity. This can be done by attaching protective 
groups, by encapsulation or microencapsulation, or by 
complexing with an inorganic complexing agent. Deblocking 
is then preferably likewise activatable by introduction 
of thermal energy, e.g. thermal conduction or convection, 

30 and/or by introduction of radiative energy, especially 
microwaves or IR radiation. 

Examples of suitable additional components are organic 
amines or organic acids. Organic bases result in base- 
35 catalysed cleavage of the epoxide backbone or of the 
urethane or urea bonds in the polymer backbone of the 
corresponding polymers. The epoxide backbone may also be 
cleaved using organic acids. 

40 The organic amines and acids are blocked in their 
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reactivity by providing them with protective groups or 
enclosing them in capsules or microcapsules, especially 
made of amino resin. Amines may also be complexed in a 
metal halide complex, preferably with lithium bromide or 
5 sodium chloride. These methods of deactivation are known 
in principle, for example from synthetic organic 
chemistry or in the case of depot active substances. 

A further preferred embodiment of the present invention 
10 is that in which the adhesive component is chemically 

modified. The chemical modification consists in 

chemically attaching one or more structural components to 

the adhesive component, preferably by copolymerization . 

The structural components are chosen so that they react 
15 with the additional component, so that they are broken 

down. By this means, the adhesive component as well is 

weakened or completely destroyed. 

Preferred structural components are triazine derivatives'. 

20 Where triazines are incorporated by copolymerization into 
the adhesive component, cyanurate radicals are formed in 
the polymer backbone. On reaction with an amine, the 
triazine ring brings about the decomposition of the 
cyanurate radicals via an aminolysis. Accordingly, the 

25 adhesive component breaks down as well. 

The adhesive systems of the invention may be used to bond 
articles of metal, plastics, glass or textiles, in each 
case individually or with one another. They are 
30 particularly suitable for producing production line 
adhesives which are employed in particular in car making. 

The present invention is illustrated below with reference 
to exemplary embodiments . 

35 

I. Example 1 (comparative example): 

S2 test rods (DIN 53455) measuring 140 cm ' 10 cm ' 3 cm 
were produced. They were cast from a moisture-curing PU 
40 adhesive based on diphenylmethane diisocyanate and 



m 
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polyetherpolyol and were cured for 10 days. The tensile 
strength . was tested at 23°C and 50% relative humidity. 
The tensile strength was 8 MPa. 

5 II. Example 2 

The procedure described under I. was repeated, with the 
addition of 3% by mass of a lithium bromide/triamino- 
ethylamine complex '>to the polyurethane adhesive prior to 
10 casting. The tensile strength of the test rods 
manufactured in this way was 8 MPa. 

III . Example 3 

15 The procedure described under I. was repeated, with the 
addition of 4% by mass of amino resin-encapsulated 
octylamine to the polyurethane adhesive prior to casting. 
The tensile strength of the test rods manufactured in 
this way was 7 MPa. 

20 

IV. Example 4 

The procedure described under I. was repeated, with the 
addition of 3% by mass of a sodium chloride/4,4'- 
25 diaminodiphenylmethane complex to the polyurethane 
adhesive prior to casting. The tensile strength of the 
. test rods manufactured in this way was 7 MPa. 

V. Deactivation of the adhesive bond 

30 

The test rods manufactured in accordance with Examples 1, 
3 and 4 were heated at 175°C for 30 minutes. Their 
tensile strengths thereafter were as follows: 
Example 1 (comparative example): 0.52 MPa 
35 Example 3: 1.02 MPa 

Example 4: 0.42 MPa 

VI. Example 5 (comparative example) 



40 



The procedure described under I. was repeated, using a 
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prepolymer in which 22% by mass of the polyetherpolyol 
was replaced by a 2 , 4 , 6- tris (w-hydroxypolyalkoxy) - 
1, 3, 5-triazine reacted with diphenylinethane diisocyanate . 
The tensile strength of the straight cured polymer (not 
5 formulated as an adhesive) was 1.1 MPa. 

VII . Example 6 

The procedure described under VI. was repeated, with the 
10 addition of 4% by mass of a sodium chloride/4,4'- 
diaminodiphenylmethane complex to the polyurethane 
adhesive prior to casting. The tensile strength of the 
test rods manufactured in this way was 1.2 MPa. 

15 VIII. Deactivation of the adhesive bond 

The test rods manufactured in accordance with Examples 5 
and 6 were heated at 175°C for 30 minutes. Their tensile 
strengths thereafter were as follows: 
20 Example 5 (comparative example): 1.2 MPa 
Example 6: 0.2 MPa 

IX. Example 7 

25 2 g of tris ( 4-aminophenoxy) -1 , 3, 5-triazine in solution in 
10 g of aniline were mixed homogeneously at 90°C with 
44 g of bisphenol A diglycidyl ether and, for the 
production of test strips, the mixture was cast in moulds 
as described under I. Curing took place at 90°C for 

30 18 hours- By means of dynamic mechanical analysis, the 
glass transition temperature of the resulting material 
was found to be Tg = 99°C. On heating to 120''C, a tacky 
mass without mechanical strength was formed. 

35 X. Example 8 

13.5 g of the reaction product of 150 g of bisphenol A 
diglycidyl ether with 15 g of tris (4-aminophenoxy) -1, 3, 5- 
triazine were placed in moulds, as in IX., with 2.7 g of 
40 trimethyl-1 , 6-diaminohexane and with the addition of 3 g 
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of N-tert-butyloxycarbonylaitiinooctane and the mixture was 
cured at 40°C for 20 hours. Dynamic mechanical analysis 
gave a glass transition temperature of Tg = 80*^C. After 
heating at a temperature of 200°C for at least 
5 30 minutes, there was a rapid increase in the glass 
transition temperature. The material underwent 
embrittlement to such an extent that it broke even under 
the low stresses in the DMA instrument. 



